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Observed Chanqge - Temperature

 Global Average Temp Increased 0.74°C in the Past 100 yrs
and 0.65°C in the past 50 yrs

o 75-85% = Fossil-Fuel Burning; 15-25% = Deforestation

Global Mean Temperature
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Global Warming Impacts
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Potential climate changes impact

Health Agriculfure
We»aihar-li-lahtad
mortality Crop yields
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Highly Vulnerable Natural Systems

* Arid Ecosystems

* High Latitude, High Altitude Ecosystems
e Glacial Fed Regions

e Coral Reefs

o Weltlands and Freshwater Ecosystems

e Low-lying Coastal Areas

e Coastal Deltas




NYC Tri-3tate Region
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Warming Acceleratesthe
Hydrologic Cycle

Surface temperatureT Evaporation T E
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More Floods and Droughts?

Spruce Run Reservoir:
March 2002

Easton-Phillipsburg
Bridge: June 2006

] = I

Delaware River: Sept. 2004



September 2004
April 2005

June 2006

Three Major Floods along the Main Stem
Delaware River In less than Two Years




... And Longer Dry Spells

Index of change in number of

consecutive dry days
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Mid-range climate scenario — Nine model average (2080-2099
relative to 1980-1999). Figure courtesy of Claudia Tebaldi



“It is very likely that hot extremes, heat waves, and heavy
precipitation events will continue to become more frequent.”
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NEW YORK CITY . NEW YORK CITY
LL o
S 5 L . S 601 .
= O Lower Emissions T O Lower Emissions
3 2
% 10 .| MHigher Emissions ; 40 .| MHigher Emissions
> 2
ém %m
g_l : . [ | — - . 1 .

1961-1990 2010-2039 2040-2069 2070-2099 1961-1990 2010-2039 2040-2069 2070-2099

Changes in number of days with heat waves

Source: UCS Northeast Climate Impacts Assessment




1900-2005 Surface Temperature Change (°C) 61

1.5 1 _fi ) 2 6 1 1.5 2

Change of surface temperature index based on local linear trends
using surface air temperature over land and SST over ocean.

Sources; Hansen et al., JGR, 106, 23947, 2001; Revnolds and =mith, J. Climate, T, 1994; Raynear et
al., JGR, 108, 2003,

2.3



Warming Trend Observed In
Most of US

Annual Mean US Temperature Trends 1901-2003

White Interval = -0.1 to 0.1

S E—

Mo Data -4.3-36-29-22-14-0700 07 14 22 29 36 43
Degrees Fahrenheit / Century

Data from NOAA/NCDC; See: http://www.epa.gov/climatechange/science/recenttc.html




Global Surface Temperature 1880-2005
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J. Hansen et al., PNAS 103: 14288-293 (26 Sept 2006)
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Key Findings — IPCC 2007 Report
Impacts, Vulnerability and Adaptation

Chapter 1 — Observed Change in Physical and
Biological Systems

Physical and biological systems on all continents and in some
oceans are already being affected by recent climate changes,
particularly regional temperature increases (very high
confidence).

Global-scale assessment of observed changes shows that it is
likely that anthropogenic warming over the last three decades
has had a discernible influence on many physical and biological
systems (high confidence). (Source: Virginia Burkett, USGS).




Observed Change - Oceans

« Ocean Temperature Increase to 3000-m Depth
e Increase in North Atlantic Hurricane Activity

 Global Sea Level Rise
- 1.7 mm/yr during 20th century
- 3.1 mm/yr during 1993-2003

Geographic
Variability in
the Rate of
Sea Level Rise
(1955 to 2003)

L —n — — — e,

1 T 1 J
04 00 04 08 12 186 20 24 28 32 36

© IPCC, 2007



Ocean pH Is Decreasing

375 ;
ATMOSPHERIC CO3z Atmospheric C0g

350 Mauna Loa data
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Sources: (1) Doney 2006, Sci. Amer.; (2) Royal Society 2005; (3) Kleypas et al. 2006, NSF/NOAA/USGS



L]
o

Trend (°C/decade

Az

4

Estuaries Are Warming

Chesapeake Bay warmed 0.8-1.1 °C (1949-2002)

Surface temperature trends
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Climate Change and Chesapeake Bay

SLrise Current rate of SL rise (mouth of bay) is4 mm/yr (1.3'/century) — about
twicethe global rate. Historic rateswere 0.5 mm/yr from 1000-1850 AD,
to more than 3.2 mm/yr during 20" century. Decadal ratein 1990’ was

1.3 cm/yr. Subsidence rates can be on the order of 4 mm/yr.

Temperature | Past 100 yrsthe mean temp in mid-Atlantic region hasrisen by 0.6 C.
Today’s modelspredict 1.2 C warmer by 2030 and 1.8-4.8 C by end of
21% century.

Precipitation Past 100 yrsprecipitation hasincreased 10%. Mean annual
precipitation will increase 1-4 cm/yr (7-24% increase over current rate).
Seasonal patter ns of precipitation could change (wetter winters, drier
summers).

Streamflow Potential increasein spring streamflow (greater estuary stratification)
and reduced flowsin summer (salinity intrusion impacts).

Storms Mor e frequent and damaging storms. Moreintense precipitation.

' WiLLIAMEMARY

Vimann fus



Adaptation

Climate Change and Habitat Restoration

~10 cm rise of sea level rise would
iInundate 168,000 ha (420,000 ac)

of shoreline and tidal wetlands of the
Chesapeake Bay ecosystem
(Chesapeake Bay Commission 2007)

In the Chesapeake Bay region, what are the most
effective places to undertake restoration?

How will the shoreline change as sea level rises and
storms intensify?



Sea Level Rise - Impacts on the Delaware Estuary

Projected Sea Level Rise for Lewes, DE
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Meters above reference point

Sea Level; Atlantic City, NJ

Tide gauge data, from National Oceanic and Atmospheric Administration
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Why Is Global Sea Level Rising?

OCEAN HEAT CONTENT (102J)
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Shrinking Glaciers

Near-term — increased summer
streamflow — Long-term
reductions.

Alaska's Toboggan Glacier is
one of thousands in the state
that have receded dramatically
In the last century, as shown in
this pair of photos from 1909
(top) and 2000 (bottom).

CREDIT: BRUCE MOLNIA/USGS




LOCAL/REGIONAL FACTORS

 SUBSIDENCE
STATIC ADJUSMEN?
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Static Land Use

Dynamic Coastal [System
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Coastal Upland Disturbance \‘\ // ik /]

Tha coastal upland zone out te 500 meters fram the shoreline and tidal marshes i Herth Amboy
was characterized as altered versus natural land cover, 56%of this adjacent 2one mwmm /_, L /| s
is composed of developed, agricultural, ar ather altered land cover. "} lantas fay
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Coastal Land Cover
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mmm Netural uplond lond caver (44%)
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» Frechmarter wetonds
» Benches

mm Altered upland land cover (429%)
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Sea-level Rise
Tidal Marsh Retreat Zones

Marsh relreat before gradual sea-keved rise will be limited by desel-
cpad Innd cover and Sthar man-mad s feanead. OF Appmulmately
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Adaptation

Remove Impediments to Upland Transgression
of Coastal Wetlands (Restored and Natural)

<: Landward Migration
of Coastal Habitats

Runoff

Artificial or
MNatural Barrier

R e
i .ﬁ.'li i

L T T N = S p s P
Processes

Aggradation

Sedimentation

Sea-level
Rise

(Burkett 2001)




Impact of Sea Level Rise on New Jersey

As sea level rises
so does the potential
flood impact

We will lose some
land.

Sea level rise (m)

0.61 1.22 2.90
Area lost (km?2)

Total 171 442 1251

4\ Wetlands 83% 83% 72%
,0( Forest 2% 2% 5%
g Beach 3% 3% 5%
o s T Urban 10% 10%  16%
: Industrial 1% 1% 2%

. Below 2,90 m
B 2oom-350m

_| Above 3.50 m

A ki

Agriculture  0.2% 0.2% 4%

What will be the economic
and environmental impacts?
What should NJ do?

Cooper, Beevers, and Oppenheimer 2005



Other Ecological Conseqguences

Saltwater Inundation: Loss of Coastal Plant and
Animal Communities




GLOBAL WARMING EFFECTS (2000-2100)

Surface Temperature Increase (1.4-5.8 deg. C)
SealLeve Rise (0.7-1.2 m)
Transgress ng Ocean (Coastal Inundatlon)
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SPECIES RANGE EXPANSIONS

36 of 39 Marine Invertebrate Species.
Poleward Range Expansions

24 of 24 Marine Zooplankton Species.
Poleward Range Expansions

(Parmesan and Y ohe. 2003. Nature 421: 37-41.)

Southern:Northern Coastal Bird Species
at Cape Cod (20t Century)

More Southern Overwintering Species

(Valielaand Bowen. 2003. Ambio 32: 476-480.)
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What Can Be Done
To Reduce Impacts?

Combination Of
Mitigation & Adaptation



Adaptation

Use Adaptive Management With
Strong Monitoring Strategies




NERRS Multifaceted Role
4 SWMP Water Quality Monitoring Networ k
4 Meteorological Monitoring
4 Telemetry Capability and Data Delivery
4 100S
4 NERRS Habitat M apping
4 Enhanced GIS Watershed Data I nventory
4 Climate Change/Sea L evel Rise I nitiatives
4 Land-Margin Ecosystem Assessment
4 Education and Outreach (Green Programs)

4 Coastal Resour ce M anagement | WILLLAG - MARY |
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CBNERRVA, CBNERRMD, DENERR,
JCNERR, HRNERR

wwv Functions and linkages of land-margin ecosystems

Ecosystem vulnerability to climatic stressors

m Water quality and aquatic stressors

Integrated ocean observing systems
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